Rain observation by pluviometers for 30 years were conducted in Fukuoka. Concurrently, shallow landslide analysis using aerial photographs for typical 3 periods and rain-sediment discharge monitoring at hydroelectric power dams were conducted in Miyazaki for 30 years. Both of these areas are located in Kyushu district, western Japan where they often have severe landslide disasters. Theoretical analysis with geo-physical equation and statistical analysis are conducted with the data obtained in these areas. Consequently, following results were obtained. 1) Heavy rainfalls and their frequency are obviously increasing. Their increasing rate is almost up to 20mm/hr or 40mm/day in 30 years, and frequency of rain heavier than 40mm/hr is found to be 1.5 multiplied. 2) Sediment runoff discharge is expressed by the equation derived from hydraulic principle using slope element distribution model. This equation is substantiated with observed data in our research areas. 3) Observed sediment runoff increased definitely in last 30 years in accordance with the rainfall increment. 4) A prediction model for long-term sediment runoff with random-cycle combination model is proposed. This equation can describe the observed data with certain accuracy in the average from the ensemble prediction using various initial conditions.
Rain observation by pluviometer for 30 years and periodical monitoring of the sediment discharge for 4 years with sediment trap facilities were conducted in Fukuoka (Northern Kyushu). On the other hand, rain and sediment discharge observation were conducted in Miyazaki (Southern Kyushu) for 30 years at hydroelectric power dams, while shallow landslide analysis using aerial photographs for recent typical 3 periods was concurrently conducted. Both of these areas are located in Kyushu district, western Japan (Fig. 1) , where severe landslides frequently occurred. The geological setting in research areas consists of Paleozoic and Mesozoic rocks such as schist, Phyllite, sand stone. Their vegetation consists of mainly Japanese cypress and cedar.
Theoretical analysis with geophysical equation, statistic analysis with Kendall's rank correlation on both of the sediment runoff and the rainfall, the long-term cycle-frequency analysis of precipitation at the observatories which have record for 100 years, by standard method using self-correlation, are conducted with the data obtained in these areas (Fig.2) .
RESULT AND CONSIDERATION
Increase of heavy rainfalls and their frequency observed Heavy rainfalls are obviously increasing in every observatory for 30 years. In particular, extremes of daily and hourly rain often have clear tendency confirmed by Kendall's rank correlation analysis with statistic tests. Their increasing rate is almost up to 20mm/hr or 40mm/day in 30 years ( Fig.3 (h ~ i) ), and the frequency of extreme rain "R i " heavier than 40mm/hr is found to be 1.5 multiplied. In addition to it, rain fluctuations have some specific cycle such of 3 or 6 year ( Fig.3 (g) ), judging from the power spectrum of the cycle analysis. Concurrently, the interval of occurrence in daily rainfall which has the return period of more than 10 years tends to reduce (Fig.4) .
Impact on shallow landslide density "N/A"
Shallow landslide density "N/A" is theoretically evaluated with following equation derived from the analogy with thermodynamics (Yoshimatsu 1977) .
(1) N: landslide frequency, a i : average scale of each landslide, A: watershed area, C 1 , C 2 : Constants related to precipitation pattern, R e : Relief energy of the basin, R o : Rainfall loss. The observed results clearly fit to the equation (Fig.3(f) ) and we obtained next values for the sample area, -259-C 0 · R e · C 1 / a i = 9 × 10 -22 , R o = 0.0 and C 2 = 7.58
Also, theoretically, sediment runoff discharge from landslides "Q sl " is proportional to N in way of next semi-empirical formula (Kaki 1983) .
v i : sediment volume of each landslide, f: runoff ratio, I: slope of the stream bed.
Therefore, sediment runoff is proportional to the number of shallow landslide. In our study, sediment runoff "Qs" includes debris flows originated from streambed sediment. Therefore, "Qs" is considered to be in direct proportional to "R i · R", not to "R".
Impact on sediment runoff discharge "Qs" Sediment runoff discharge is expressed by next equation derived from hydraulic principle (slope element distribution model, Hirano 1995) .
here, Qs: sediment runoff discharge, A: watershed area, M: a function concerning with sediment deposit features on the upstream torrent (porosity, cohesion, torrent bed slope gradient, sediment accumulation length and depth), t: time, θ: torrent bed slope gradient, R i (t): intensity of instant precipitation, Ra: instant precipitation. If the time integral is made over the rainfall duration, then
here, R: total rainfall, R i : rain intensity over 1 hour. Therefore,
Hence, theoretically "Qs" that has tight relation to shallow landslide occurrence rate can increase with increment of "R i " and "R". This relationship is substantiated with observed data in our research areas, and the equation sufficiently describe the data with the constant C = 4.8~20.5 (Fig.3 (j 
Increase of observed sediment runoff
Sediment runoffs in the area definitely increased with the rate of approximately 200,000 m 3 in 30 years in accordance with the rainfall increment (Miyazaki area, Fig.3 (a) ~ (e) ). This tendency is credited by Kendall's rank correlation analysis as a purposive increase. 
Qs Prediction by Semi-empirical Cycle-Random Combination Model
A prediction model for long-term sediment runoff fluctuation with the semi-empirical cycle-random combination model is proposed. According to the power spectrum of the cycle analysis (Fig.3 (g) ), the average of the power variation in the figure is almost flat and horizontal. It means that the long-term rain fluctuation has basically random behavior. Therefore, the sediment runoff which has tight correlation with precipitation has random characteristic in its long-term background fluctuation (Fig.5) . This model is basically a semi-empirical model that is comprised of random function with the long-term increment which corresponds to the back ground of the fluctuation (first and second terms in the equation (5)) and trigonometric function which expresses the extreme rain cycle (third term in the equation (5)).
Here, RAND: Random function generating０～1 random numbers, ξ: Random function range= 38, ∂Qs(R i ・R)/∂ｔ＝3.34, n＝1, A i : amplitude of the fluctuation = 38 (based on regression analysis in Fig.3 (c) ), T 1 : First fluctuation cycle of rain or sediment runoff = approximately 2.0 ( Fig.3(g) )、T 2 : one for second cycle = 6.0, T 3 : one for third cycle = 15.0 years.ｔ: time(year), C: constant obtained by regression analysis = 6598 (Fig.3 (c) ). This equation can describe the observed data with certain accuracy (Fig.5) by the average from the ensemble prediction using various initial conditions. In Fig.5 , the long-term predictions for next 20 years are also shown, implying another 100,000m 3 increment of sediment runoff under the influence of the obvious cycle.
CONCLUSION
All things considered, following results were obtained. 1) Heavy rainfalls and their frequency are obviously increasing for last 30 years. In particular, extremes of daily and hourly rain often have clear tendency confirmed by Kendall's rank correlation analysis. Their increasing rate is almost up to 20mm/hr or 40mm/day in 30 years, and frequency of extreme rain heavier than 40mm/hr is found to be 1.5 multiplied. 2) Shallow landslide density is theoretically evaluated with the equation derived from the analogy with thermodynamics. Also, sediment runoff discharge from landslides is proportional to number of landslide in way of the semi-empirical formula. 3) Sediment runoff discharge is expressed by the equation with rain as the main factor derived from hydraulic principle using slope element distribution model. Hence, theoretically, Qs that has tight relation to the rate of shallow landslide occurrence can increase with increment of rain. This relationship is substantiated with observed data in our research areas, and they sufficiently fit the equation. 4) Observed sediment runoff increased definitely with the rate of approximately 200,000m 3 in 30 years in accordance with the rainfall increment. This tendency is credited by Kendall's rank correlation analysis as a purposive increase. The increase of rainfall due to climate change with the increasing rate mentioned above surely has strong impact on the rate of shallow landslide occurrence as well as sediment discharge. 5) A prediction model for long-term sediment runoff with random-cycle combination model is proposed. This model is basically a semi-empirical model that is comprised of the random function and the trigonometric functions that express the extreme rain cycle. This equation can describe the observed data with certain accuracy in the average from the ensemble prediction using various initial conditions.
Since the shallow landslide density in our sample area is directly proportional to rain "R", and the sediment runoff in torrents is directly proportional to "R i · R", the increase of rainfall due to climate change showing the specific fluctuation cycle with the high increasing rate mentioned earlier can have strong impact on shallow landslide occurrence and sediment runoff discharge.
